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Summary
For a variety of reasons, the water content of chocolate is of crucial importance 
and has to be accurately determined. This poster compares an automated version 
of the Karl Fischer titration (KFT) using the sequential addition of various solvents 
with the widespread manual titration at elevated temperatures using a 
chloroform/methanol mixture. The water contents determined by the two 
procedures show excellent agreement. However, manual titration requires labor-
intensive sample preparation, the side reactions are difficult to quantify and 
hazardous halogenated solvents have to be used. In contrast, automated KFT is 
straightforward, uses non-hazardous solvents, allows to quantify the side reactions 
and is easily applicable to water determinations in sugar- and fat-containing 
matrices. 

Introduction
The water content in chocolate determines to a large extent the taste and the 
chemical, physical, microbial and shelf-life properties of the product. Especially for 
the processing of the chocolate bar, the quantitation of the water content is of 
crucial importance, since it determines the flow characteristics of the chocolate 
mass. Accordingly, straightforward and accurate methods for water determination 
are required. The method of choice is Karl Fischer titration (KFT) using state-of-the-
art technology. 

Chocolate essentially consists of cocoa liquor, cocoa butter, milk powder and 
sugar in various concentrations and does not form solutions or stable suspensions 
with methanol or other Karl Fischer solvents. The fatty ingredients such as cocoa 
butter and cocoa liquor need a lipophilic solubilizer to become soluble, whereas 
the polar components such as sugars need hydrophilic solvents. KF titration, 
however, still requires methanol or a KF solvent. Mixtures of lipophilic and 
hydrophilic solvents would cancel each other out and nothing would be gained. 

Previous methods using a volumetric stand-alone titrator suggest using titration at 
elevated temperatures (50 °C) to dissolve the fatty compounds. This procedure is 
labor-intensive, cannot be automated and requires large quantities of hazardous 
halogenated hydrocarbons. These drawbacks can be overcome by the sequential 
addition of various solvents. In the first step white spirit is added to approximately 
0.5…1 g of the chopped-up chocolate sample. Within one minute the fatty 
compounds are dissolved. After this, formamide is added to dissolve the 
hydrophilic compounds. Finally, the KF working medium is added. 

The distinctive feature of this technique consists in the use of white spirit, a 
halogen-free solvent mixture made up of aliphatic and alicyclic hydrocarbons that 
is not hazardous to the environment and that does not form a homogeneous 
mixture with the other solvents, but instead remains as a second phase. The 
procedure can be fully automated using a sample changer and a titrator. 

System setup 
841 Titrando (volumetric KF titrator)

814 USB Sample Processor

800 Dosino

802 Stirrer (not shown)

Manual moisture determination
KFT is based on the stoichiometric reaction of water with iodine and sulfur dioxide 
in the presence of a short-chain alcohol (R` = CH3, C2H5) and an organic base (RN), 
according to the following equations:

A prerequisite for KFT is that the water in the sample is freely available for 
titration. After thorough trituration, the chocolate sample is added to the sealed 
thermostatted titration vessel containing a 1:1 mixture (volume/volume) of 
HYDRANAL®-Solvent and chloroform. Titration of the released water is performed 
at 50 °C with HYDRANAL®-Titrant 2. While titration at higher temperatures 
significantly improves water release, side reactions become more pronounced. 
Besides the problem to correct for these reactions, the use of climate-affecting 
and potentially carcinogenic chlorinated solvents is a major drawback. 

Repeatability
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Automated moisture determination
Initially, the Dosinos are pre-flushed to prepare the system

Three «blank determinations» (working medium without sample) are carried 
out
The titer of the titrant is determined with the commercially available water 
standard (n = 3)
A defined amount of triturated chocolate (0.5…1.5 g) is directly weighed out 
into the 75-mL sample vessel
All sample vessels are sealed with aluminum foil and a foil holder
Samples are placed on the sample processor rack and all relevant data (sample 
weight, sample identification) is entered into the tiamo™ software
14 mL of white spirit is transferred to the sample vessel 
After stirring for 60 s, 10 mL formamide is added 
After stirring for another 60 s, 12 mL of HYDRANAL®-Methanol Rapid is 
added
After the titration of the released water with KF reagent, the side-reaction-
induced drift is determined
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Side reactions
The preliminary titrations showed markedly delayed 
endpoint detection. After titration of the released 
moisture, reagent consumption continued, indicating 
a retarded water release from the sparingly soluble 
cellular cocoa matrix or iodine-consuming side 
reactions. Since the removal of the cellular matrix 
had no effect on the titrant consumption, the first

Comparison 

hypothesis could be ruled out. In contrast, some 
dissolved cocoa ingredients must have reacted with 
the iodine simulating the presence of water. After 
titration of the released water, continuous titrant
additions, evaluated at defined time intervals, 
allowed reliable estimates of the extent of the side 
reactions. 

R`OH  +  SO2 +  RN                       → R`OSO2
– +  RNH+

R`OSO2
– +  I2 +  H2O  +  2 RN → 2 RNH+ +  R`OSO3

– +  2 I–

R`OH  +  SO2 +  3 RN +  I2 +  H2O  → 3 RNH+  +  R`OSO3
– +  2 I–

 

 Dark chocolate I (45% cocoa) Mean value RSD 

 1 2 3 4 5 6 7 8 9 10 [%] [%] 

Sample weight [g] 0.6902 0.6432 0.6050 0.7746 0.6073 0.8898 0.3562 1.2539 0.7884 0.7939   

             
Water content [%] 0.98 1.00 0.97 0.99 0.94 0.98 0.96 0.92 0.93 0.93 0.96 2.73 

 

Automated water determination in chocolate 
A. Trinkle and B. Faas

 

 Manual titration Automated titration 

 Noa Water content RSD Noa Water content [%] RSD 

Sample  [%] [%]  
No side reac-

tion correction 
Side reaction 

correction 
[%] 

White chocolate 3 0.77 8.20 4 0.84 0.78 2.44 

Whole milk chocolate 2 0.88 2.81 4 0.94 0.88 4.57 

I (45% cocoa) 10 0.96 2.73 10 0.99 0.93 2.49 

II (70% cocoa) 2 0.82 7.11 4 0.90 0.79 2.61 Dark chocolate  

III (85% cocoa) 3 1.06 0.67 4 1.17 1.06 3.75 
 anumber of determinations 
 

 Manual titration Automated titration  

cocoa-free  0.5-1.0 Chocolate sample 
weight [g] low cocoa content 1.0-1.5 

1.0  

Titrant HYDRANAL®-Titrant 2a HYDRANAL®-Composite 5a 

Working medium 
15 mL chloroforma 
15 mL HYDRANAL®-Solventa 

14 mL petroleuma  
10 mL formamidea 
12 mL HYDRANAL®-  
           Methanol Rapida 

Temperature of the working medium [°C] 50 25 

Determination time [s] 360 360  

Solubility of hydrophilic ingredients rather poor excellent 

Water release from sugars and proteins extraction at higher T solubilization  

Stop time [s] 300 120 

Side reaction correction impossible possible 
 aall chemical products were kindly provided by Sigma-Aldrich Laborchemikalien, Seelze, Germany. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


